The aim of the present work was to study the contribution of bile secretion to endogenous excretion with special emphasis on the amount of fat and long chain fatty acids. A cannulation technique with a re-entrant cannulae via a duodenal pouch was developed for the purpose. With three growing pigs of 30 kg initial live weight several collections of bile were carried out over 24 hr periods. The average daily bile output was 1.8 1, but with high variations both between and within pigs. The concentration of total fat (Stoldt, 1952) in bile was 0.85% corresponding to 28% of dry matter. The influence of endogenous fat and fatty acids originating from bile on digestibility is illustrated with a 40 kg pig given 1.7 kg feed daily. Thus, the amount of fat in bile accounted for 23% of dietary fat, while the quantitatively most important fatty acids made up 2 to 9% of the corresponding fatty acids in the diet.
INTRODUCTION
The main components of bile consist of fat and bile acids which are of importance for digestion and absorption of dietary fat (Holt, 1972; Corring et al., 1979; Clement, 1980; Borgstrom et al.,1985) . Both bile acids and phospholipids play an important role in formation and stabilization of micelles in the digestive tract (Tso et al., 1981) . Diacylphosphatidylcholine (lecithin) is the predominant biliary phospholipid (Hay and Carey, 1990) . In the digestive tract pancreatic lipase hydrolyzes lecithin to lysophosphatidylcholine (lysolecithin) being a more potent emulgator than lecithin.
The fatty acid composition of bile seems to some extent to depend on the fatty acid composition of the diet (Christensen, 1985; Jenkins et al., 1988) . There is ISSN 1230-1388 © Institute of Animal Physiology and Nutrition only scarce information on fatty acid composition of bile from pigs. However, Christie (1973) and Christensen (1985) present values for the fatty acid composition of bile from the gallbladder of pigs.
Investigations of bile secretion in pigs fitted with a cannulae to collect bile have shown a daily secretion from 2-2.51 (Laplace and Ouaissi, 1977; Juste et al., 1979; Aliev and Khamzatov, 1980; Sambrook, 1981; Juste et al., 1983; Kulig et al., 1989) while an earlier work measured only 11 per 24 h (Hiby, 1934) . The daily secretion of fat with the bile varied from 5-12 g (review of Juste, 1982) .
The aim of the present study was to measure total bile flow in growing pigs as well as the amount and chemical composition of the bile.
MATERIAL AND METHODS

Cannula design
The cannulas were modified according to Hee et al. (1985) . They were prepared from HTV silicone materials (Wacker-Chemie, Munchen,Germany) as this material can easily be formed (Brandt et al., 1984) . After vulcanization in an autoclave (20 min., 130°C) the cannulas were hardened in an oven (80°C). To avoid backflow of bile into the cannula two one-way valves were used (Kebo Lab A/S, Ballerup, Denmark).
Animals and cannulation technique
Ten Danish Landrace female pigs were used for the experiment. Of these pigs seven were used to obtain experience with surgical and collection procedures. However, the last three pigs, in the weight range of 30-55 kg, could be used in several 24 hours total collection of bile. The surgical preparation was the same as used for collection of pancreatic juice (Archambeau et al., 1961; Woods and Foster, 1963; Hee et al., 1985) but modified for bile collection. In pigs the pancreatic and bile duct is separated which allows the preparation of a "pouch" for collection of bile.
Diets
The pigs were fed a traditional pig diet for the growth period 20-55 kg. The composition of the experimental feed is shown in Table 1 and 2. the amount of bile weighed. Ten per cent was removed for analyses. To minimize the effect on the enterohepatic circulation (Hofmann, 1984 ) the bile not used for analyses was reintroduced by gravity flow. The bile samples were stored at -20°C until being used.
Analytical methods
The chemical analyses of the diet were performed according to procedures described by Jakobsen and Weidner (1973) . Analyses of the bile were carried out as follows:
Dry matter: 5 g bile was dried at 100°C to constant weight Ash:
ashing at 550°C of the dried material from determination of dry matter Nitrogen: 5 g bile was analyzed by the Kjeldahl method using a Kjell--Foss 16200 autoanalyser (Foss Electric A/S, Denmark) Fat: determined in 15 g bile (pooled sample from 24 h) according to the Stoldt method (Stoldt, 1952) (extraction with diethyl ether after hydrolysis with 3N HC1) Fatty acids: extraction in 1 ml bile with chloroform: methanol (1:1) (Jenkins et al., 1988) . The composition and amount of fatty acid methylesters were measured using gas-liquid chromatography (Rotenberg and Andersen, 1980 ) Amino acids:
amino acid analysis was carried out as described by Mason et al. (1980) .
Calculations and statistical procedures
All calculations and statistical analyses were carried out using the SAS package (SAS, 1985) .
RESULTS
The bile output was measured every hour, but the chemical analyses were performed on pooled samples for 8 hours; denoting: day (800-1500), afternoon (1500-2300), and night (2300-700). There was not found any clear diurnal variations although a drop seemed to occur in the bile output after feeding. The variation in bile output between the three pigs which completed several 24-hours collections was high (Table 3) . Especially one pig (no 3) showed a high variation in bile output. This pig not only had a higher bile output, but the concentration of most of the fatty acids in the bile (Table 3) was also higher.
There were no significant differences between the three 8-hour periods. The average values are shown in Table 4 . The amino acid composition of pooled bile samples of the three pigs is shown in Table 5 . As can be seen glycine + alanine and taurine are the dominating amino acids in bile.
DISCUSSION
In the preliminary investigations more problems than expected were encountered. The common bile duct and sphincter of Oddi in pigs is close to the stomach which makes it difficult to form a pouch. Post-surgical complications were observed in some of the pigs such as low appetite and vomiting due to blockage of the intestinal tract. The recovery of the pigs from surgery, back to normal feeding scale, took one to two weeks and collection of bile could start.
The approach was to establish a cannulation technique for collecting bile of pigs under normal physiological conditions. That means: normal function of the sphincter of Oddi, normal feed intake and the bile cannulae functioning over relatively long periods of time (weeks -months). In spite of the preliminary problems with the surgical technique in establishing the duodenal pouch, it proved possible to carry out collections of bile over several months. Direct cannulation of the bile duct has been used in other experiments (Laplace and Ouaissi, 1977; Sambrook, 1981; Juste et al., 1983; Kulig et al., 1989) assuming that the trauma of direct cannulation was less than that caused by duodenal pouch formation and intestinal anastomosis. However, using direct cannulation of the bile duct is not suitable when investigating over a longer period of time as the direct bile cannulation only works for a short time (Corring, 1980; Sambrook, 1981) . The variation in daily bile output from 1.41-2.91 found in this investigation is within reported values (Laplace and Ouassi, 1977; Juste et al., 1979; Aliev and Khamzatov, 1980; Sambrook 1981 , Juste et al., 1983 Kulig et al., 1989; Corring et al., 1990) .
In all the reported studies of bile flow including the present one the variation in daily bile output is very high both between pigs and within pigs. This high variation in bile output seems independent of the methods for bile collection i.e. when bile is returned without control of sphincter of Oddi, or bile is returned mimicking the bile flow, or as in the present study returning the bile once per hour.
The fat content of 0.85% (Table 4 ) is higher than found in investigations by Aliev and Khamzatov (1980) and Sambrook (1981) , but these differences could be explained by the applied analytical methods. It is thus found that freezing of bile samples have some disadvantages, as phospholipids may be oxidized and cholesterol may not completely redissolve (Strasberg et al., 1990 ). Christensen (1985) found a fat content of bile in the gall bladder from 0.67-0.91 %. However, it cannot be excluded that the bile in the gall bladder is more concentrated than in the floating bile. Information on the fatty acid composition of the fat in bile is scarce, but the values in the present study (Tables 3 and 4 ) are in accordance with other values of bile sampled in the gallbladder (Christensen 1985) , whereas Christie (1973) found higher contents of palmitic and linoleic acids. Furthermore, Christensen (1985) showed that the fatty acid composition of bile correlates to dietary fatty acids. A decreasing content of dietary linoleic acid (18:2) caused a decrease in both bile and plasma concentration of 18 :2. Similar findings were shown with preruminant calves (Jenkins et al., 1988) .
In the present study the content of nitrogen (N) in bile of 0.088% or 2.9% in bile DM (Table 4) is close to values reported by Sambrook (1981) and Corring et al. (1990) . When assuming 16% N in protein 0.088% N corresponds to 0.55% protein which is close to other values found in the bile sampled from the gallbladder (Godfrey et al., 1981) . The protein in bile originates mainly from plasma where bile is an important excretion route for immunoglobulins and plasma proteins (Godfrey et al., 1981; LaRusso, 1984; Mullock et al., 1985; Coleman, 1987) .
The amino acid analysis (Table 5) showed that glycine + alanine (they could not be separated) and taurine contributed to more than half of the amounts of amino acids. Before bile acids are secreted from the liver they are conjugated with an amino acid (Hofmann, 1984) normally glycine and taurine. The distribution between glycine and taurine depends on animal species, but in pigs most of the bile acids are conjugated with glycine (Haslewood, 1971) which is in agreement with the observations made in this study.
The contribution to the secretion of endogenous fat and some fatty acids in bile is estimated for a 40 kg pig receiving 1.7 kg diet of identical composition as the diet in Table 1 . The estimates are shown in Table 6 . The estimated amounts of endogenous fat and fatty acids at terminal ileum and faeces are obtained from previous studies on pigs given graded levels of soya bean oil to a low fat diet (Jorgensen et al., 1992b) . Jorgensen et al. (1992b) .
3) Per cent of dietary amount.
The total amount of endogenous fat excreted contributed significantly to the duodenal digesta (23%) in relation to the dietary amount of fat. The levels of endogenous biliary fatty acids in relation to dietary fatty acids are low and contribute to only 2-9% of dietary fatty acids.
Assuming the amounts of endogenous fat and fatty acids at the terminal ileum are as shown in Table 6 , a significant reabsorption of fat and fatty acids have taken place in the small intestine. Furthermore biliary fat and fatty acids are not the only source of endogenous fat as desquamation of mucosa cells and exudation also occur (Clement, 1980) . The estimated amount of endogenous total fat is not different at the terminal ileum and in faeces (Table  6 ) but as a result of the microbial activity in the hind-gut the ratio between saturated and unsaturated fatty acids changes to a great extent from ileum to faeces (Bayley and Lewis, 1965; Just et al., 1980; Jorgensen et al., 1992a) .
In conclusion, the present study shows that bile cannulated pigs using the pouch technique had a daily bile output of 1.81 with a total amount of lipids of 16 g and a total amount of long chain fatty acids of 4 g. The main fatty acids were in percent of total fatty acids: 16:0(30%), 18:1 (26%), 18:2(16%), 18:0(11%) and 20:4 (7%).
